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Abstract. —Eiidioctria tibialis Banks foraged under bright skies from dim-

ly lit or sunlit perches at temperatures above 16°C. Grooming, prey manip-

ulation, feeding time prey prey, and foraging activities are discussed. Major

prey were aphids and lower Diptera, although Isoptera or other insects were

taken in large numbers when abundant. Most prey had thin cuticles and

were weak fliers. Mean prey size was 3.02 mm. Females selected slightly

larger prey than males. A list of prey is given. Vespula maciilata (L.) may
be an important predator of Eiidioctria tibialis under certain conditions.

At the present time behavioral and ecological information on species of

the genus Eiidioctria, as well as most Asilidae, is limited. Scarbrough (1981)

recently reported the seasonal distribution, abundance, and diurnal activi-

ties of a population of Eudioctria tibialis Banks in Maryland. Some biolog-

ical information of several European species of Dioctria was contributed by

Melin (1923) and Poulton (1906). However neither critically examined prey

selection, but both concluded that Dioctria spp. selected primarily hymen-

opterous prey. The purpose of this study was to report on predator behavior

and prey selection of E. tibialis and its enemies.

Methods

General methods and location of the study site were described previously

(Scarbrough, 1981). Data on predator behavior were obtained by censusing

individuals at the study site and by following individual flies for extended

periods. Hourly observations were made during the fly season to determine

maximum variability in behavior patterns of predators and in the selection

of prey types. During each census, flies were recorded as feeding or involved

in other behaviors. Individual flies were observed in order to obtain infor-

mation of foraging, feeding and manipulation behaviors. Prey were obtained

by capturing feeding flies in a 15 dram snap top plastic vial, with the predator



VOLUME83, NUMBER2 259

Fig. 1. Male Einlioctria tibialis feeding on an aphid.

being released after the prey was dropped. Prey were later identified and

measured from the front of the head to the tip of the abdomen for body

length. Predator size was determined by taking similar measurements of 25

predators of each sex.

Results and Discussion

Predator Behavior

Eudioctria tibialis foraged under bright skies from dimly lit or sunlit perch-

es at temperatures above 16°C. Asilids perched (N = 5095) horizontally on

leaves and twigs of woody and herbaceous plants, overlooking an open

space (Fig. 1). Foraging perches were invariably located 50 cm or more

above the ground, although their heights varied considerably depending

upon time of day and total sunlit area. Most foragers perched along the
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vertical walls of the clearing during the early (N = 832, 81.0%; 1000-1300

hrs) and late (N = 1932, 52.0%; 1700-1900 hrs) observation periods and on

the lower floor vegetation at other times (N = 2331,70.0%; 1300-1700 hrs).

Eudioctria tibialis exhibited several behaviors while perching. The fly

groomed (.v = 9.3 min, N = 1092) its legs, wings, or head. This behavior

was correlated with previous activities, e.g. facial and foreleg grooming

followed feeding, abdominal and hindleg grooming followed copulation, and

wing grooming followed unsuccessful foraging attempts and flights to new
perches. Vertical and lateral head movements and body adjustments were

also made in response to flying potential prey and other objects. Similar

orientation response to flying objects have been described for other asilids

(Scarbrough, 1978a, 1979; Dennis and Lavigne, 1975; Lavigne and Holland,

1969). Occasional wing flutters and short flights from perches occurred when
flying objects moved near the flies. The fly responded to movement of in-

sects or other arthropods, which shared a common perch, with lateral head

movements. These were often followed by the fly moving away to another

part of the perch or flying to another perch. The asilid was also induced to

fly when flying objects came too close to the perch.

A fly may be induced to move to a new perch by other factors. Eudioctria

tibialis often flew to new perches after a long period of inactivity although

other arthropods did not induce the flight and atmospheric or sunlit condi-

tions remained unchanged (Scarbrough, 1981). This behavior may be related

to insufficient prey density. If this assumption is correct, this behavior had

the advantage of exposing greater area and, thereby, increasing the proba-

bility of predator-prey contact. Similar observations have been reported for

other asilid species (Lavigne and Holland, 1969; Hespenheide and Kubke,

1977; Scarbrough, 1979; Scarbrough and Sraver, 1979).

Foraging flights were short (R = 12-150 cm), with most prey captured

within 80 cm (92%, N = 150) of perches. Absolute distances from perches

to interception points of prey varied considerably with larger prey (>3.5

mm) being captured at greater distances than smaller prey, e.g. Reticuli-

terines flavipes (Roller) (.v = 4.73, N = 63) were captured within a range of

30 to 150 cm of perches whereas aphids (x = 1.5 mm, N = 89) were cap-

tured within a range of 7 to 75 cm.

Flies often failed to capture an intended prey. In only 25.7% of the flights

(N = 2843) were flies successful in capturing and feeding on prey. In some

instances, prey were temporarily captured (5.2%) but were lost or released

enroute to perches. Females were more successful (32.3%, P < .001) than

males (17.3%) but males foraged less (P < .001) (Table 1). Perhaps this

differential foraging behavior between the sexes is related to greater energy

needs to accommodate a larger body and egg production in females (Scar-

brough, 1978a, b, 1979).

This foraging behavior also differs from that of Cerotainia alhipilosa Cur-
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Table I. A comparison of foraging activity of male and female Eiulioctria lihmlis Banks
per unit time. Data were obtained from observations of males and females during two hour
units (N = 10). Data were compared with a 2 x 4 contingency table (x~).
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upon its pleuron where it manipulated large prey with six tarsi. Other ma-

nipulations included inflating the prey's body followed by abdominal pump-
ing of the predator, and adjusting the depth of the hypopharynx in the prey.

The latter was accomplished by resting the prey on a perch and forcing the

hypopharynx deeper into the prey, or partially withdrawing the hypophar-

ynx and forcing it into the prey again at a different angle. Tarsi were not

used in these manipulations.

Feeding upon a prey was completed at a single perch unless the fly was

disturbed. Following feeding, prey were usually discarded at perches by

using one or both foretarsi or in flight while in pursuit of another prey. In

the latter, one or both tarsi were positioned against the prey as the predator

flew from the perch. A second or two later, the prey was observed falling

through the air within a few cm of the perch. The prey is presumed to be

pushed from the predator's mouth parts. The prey was sometimes discarded

when the predator adjusted its hypopharynx in the prey's tissue. The pred-

ator retracted the hypopharynx and removed the proboscis from the prey

while it lay on the perch. Tarsi were not used in this manipulation. Grooming

of the head and foretarsi usually followed feeding.

Like most asilid species, the length of time Eudioctria tibialis spent feed-

ing on a prey was variable, but correlated with prey size. The average

feeding time per prey was 6.3 min (N = 21), ranging between 1 and 37 min.

Small prey, e.g. aphids and psyllids, were fed upon for an average of 3.1

min (N = 128, R = 1-10 min) whereas larger prey, e.g. termites, were fed

upon for an average of 20.9 min (N = 15, R = 13-37 min).

Prey Selection

The numbers, types, and sizes of prey taken by Eudioctria tibialis are

presented in Table 2. Species of five insect orders formed the major com-

ponents of the flies' diet, with Homoptera-Hemiptera being the most abun-

dant. The predominant insect prey were aphids, termites, and lower Diptera

in order of abundance. At least six other North American asilid species

(Hespenheide and Rubke, 1977; Scarbrough and Sraver, 1979) take similar

prey with aphids or Homoptera-Hemiptera forming the dominant segments

of their diets. The proportion of termites in this sample is not viewed as

significant as other prey because of their erratic and temporary appearance

in the study area, but it does reflect the adaptability of the species to take

advantage of temporary concentrations of prey. Of the prey taken occa-

sionally, species of the orders Araneida (immatures), Thysa-

noptera, Psocoptera, and Lepidoptera formed less than 4% of the diet. Con-

versely, European Dioctria (Poulton, 1906; Melin, 1923) select predominantly

Hymenoptera.

Mean size of all prey was 3.02 mm, ranging from 0.81 to 6.46 mmin body

length (Table 2). Specimens of Homoptera-Hemiptera, forming the major
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Table 2. Prey of Eudioctria tihialis Banks in Maryland. Predator size (N = 25 per sex):

9 9 .V = 9.56 ± 0.54. R 8.5-10.5 mm: i ' v = 8.67 ± 0.57, R 7.0-9.6 mm. Mean size compared
by Student's t-test.

hi\a
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third the predator's size, and weak fliers. These prey, especially aphids,

utilize convection currents to carry them into the air and subsequently back

to ground level (Dixon, 1973). Furthermore, weak fliers usually have soft

or thin cuticles. Examination of these prey for punctures revealed that any

location on the prey's body may be penetrated by the hypopharynx although

the dorsum contained the greater proportion (67%, N = 153) of punctures.

Conversely, some larger prey with hard cuticles, e.g. reproductive ants and

beetles, were immobilized by inserting the hypopharynx at specific locations

of the body where the cuticle was thin or soft. Therefore, size of prey may
be less limiting when weak flight abilities and thin or soft cuticles co-exist,

e.g. termites.

The following is a list of prey taken by E. tibialis at the study site. A few

prey are presented only to order or family level since they were too damaged

for identification or were not collected. Each notation of prey refers to a

single record unless followed by a number in parentheses. The month and

year are recorded only once at the end of a series for each prey taxon.

ARANEIDA: Unidentified 14. VI. 73. ISOPTERA: Rhinotermitidae, Re-

ticulitermes finvipes (Kollar) 14(2).21 .23(12).25(8).26(3).27(3).28(2).30(8).

VI. 75, 7. VII. 73, 30(17). VI. 74, 18. 23. 24(3). 26(2). 28( 1). VI. 76. PSOCOP-
TERA: Caecilidae, Caecilus aunmtiacus (Hagen) 27. VI. 74; Lachesilli-

dae, Lachesilla pallida (Chapman) 29. VI. 74; Psocidae, Blastopsocopis

lithinus Chapman 27. VI. 73. THYSANOPTERA: 19. VI. 74, 8. VII. 74,

7. VII. 75, 26. 27(2). 28(3). VI. 76; Thripidae, Ctenothrips hridwclli (Frank-

lin) 27. VI. 73. HOMOPTERA-HEMIPTERA:Aphididae, unidentified

3. VII. 72, 15. 29. VI. 75, 5.7(6). 8(4). 10(2). VII. 75, 16(3). 24(3). 26(4). 27(5).

28(15). 29(6). VI. 76, 5(2). 10. VII. 76, Acyithosiphon solani (Kaltenbach)

28. VI. 73, A. dirhodum (Walker) 5. VII. 74, Amphorophora spp. 13(3). 18(2).

29(3). VI. 74, Anoecia comi (Fabricius) 14. VI. 74, Aphis spp. 19(3). VI. 73,

3(2). VII. 74, A.fahae Scopoli 29(2). VI. 74, A. gossypii Glover 19(2). 29. VI. 73,

A. ruinicis Linnaeus 23. VI. 73, A. samhiicifoliae Fitch 23. 24(2). VI. 73,

27. 30. VI. 74. 10. VII. 74, Cavariella aei^opodii (Scopoli) 27. 29. VI. 74,

Davtynotus sp. 20. VI. 73, 18. VI. 74, D. tisscrti (Boudreaux) 19(2). VI. 73,

Ehosoina sp. 20. VI. 73, E. lanigenim (Hausmann) 12(2). VII. 74. Hya-

daphis crysimi (Kaltenbach) 3. VII. 74, Macrosiphuiu spp. 19. 29(2). VI. 73,

23. VI. 74, 5(2). VII. 74, M. avenae (Fabricius) 20(2). VI. 73, 20. VI. 74, M. cor-

yli Davis 9. VII. 74, M. liriodendri (Monell) 25(4). 26(3). 29(2). 30(3). VI. 73,

20(2). VI. 74, 1. VII. 74, Megoura sp. 27. VI. 73, Myzus sp. 3. VII. 72,

13(10). 28(2). VI. 73, M. cerasis (Fabricius) 13. VI. 73, Ovatits phyloxae (Sam-

son) 28. 30(9). VI.73, 17(3).18.19.VI.74, 12.VII.74, Pemphigus sp. 24. 27. VI. 73,

Rhopalosiphum fitchii (Sanderson) 27. VI. 74, R. padi (Linnaeus) 27. 30. VI. 74,

Sitomyzus sp. 18. 21. 23. VI. 74, S. rhois (Monell) 23(2). VI. 74, Thecahiiis sp.

22. VI. 73, Therioaphis sp. 18. VI. 74, T. richmi (Borner) 30. VI. 74, Tinocalis

caryaefiliae (Davis) 21. VI. 73, Toxoptera viridirnhra Gill and Palmer
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27. VI. 74; Cercopidae, CUistoptem ohtusa Say 20. VI. 73: Cicadellidae,

Aphrodes sp. 30(2). VI. 74, Dikraneura sp. 23. VI. 73, Doratura stylata

(Boheman) 20. VI. 73, Empoasca fabae (Harris) 27. VI. 73, Endria inimica

(Say) 15. VI. 73, Erythoneura sp. 23. VI. 73, 18. VI. 74, Eorcipaia lica DeLong
and Caldwell 20. VI. 74, Macrosteles sp. 30. VI. 72, M. fascifrons (Stal)

14. VI. 73; Cydnidae, Pangaeus hilineatus (Say) 29. VI. 74; Miridae, Halticu.s

hnutatus Say 22. VI. 73, Lygus sp. 21. VI. 74, Lygidea meda.x'l Reuter

13. VI. 73, Trigonotylus tarsalis (Reuter) 14. VI. 73; Phylloxeridae, unidenti-

fied 8. VII. 75, 24(2). 27(2). VI.76, Phylloxera sp. 3. VII. 74; Psyllidae, Trioza

diaspyri Ashmead 21. VI. 74. COLEOPTERA: Unidentified 17(4). 8(2). 75;

Anobiidae, Petcdium sp. 26. VI. 73, 14. VI. 74; Chrysomelidae, Cluietosonui

sp. 15. 23. VI. 73, 19.VI.74, Hippaiiphda sp. 20.VI.73, Parki sp. 22. 25. VI. 73;

Curculionidae, Anthonomus sp. 20. VI. 73, Dryophthorus americaniis Bedel

2 1(2). 26. VI. 73; Scarabaeidae, Ataenius imhriccitus (Melsh) 26. VI. 73; Sco-

lytidae, Orthotomicus caelatus (Eichhoff) 20(3). 21(2). VI. 73, Delp/uistus

piisUlus (LeConte) 27. VI. 74, 26. VI. 75, 8. VII. 75; Staphylinidae, unidentified

3(2). 14. VII. 73, 14. 19(2). 20. 2 1.26(4). VI. 73, 19(2). 26. 29(2). 30(2). VI. 74,

2. 3. 4(2). VII. 74. DIPTERA: Unidentified 19. VI. 73, 6(2). 8(2). 15. 27. VI. 75;

Agromyzidae, Cerodontha dorsalis (Loew) 21. VI. 74, Liriomyza sp.

24. VI. 73; Asilidae, Cerotainia alhipilosa Curran 9. VII. 73; Cecidomyiidae,

unidentified 23. VI. 73, 14. VI. 74, 27.VI.75, 29.VII.75, Asynapta (s.l.) sp.

14. VI. 73, Resseliella sp. 20. VI. 74; Chironomidae, Orthocladiinae

7(2). 14. VII. 72, 20. 22. 30. BI. 73, 17. 21(2). 23(3). VI. 74, 1.3. VII. 74; Chloropi-

dae, Chlorops ohscuricornis Loew 15. VI. 73, Elachiptera costata (Loew)

15. VI. 73, Oscinella carhonaria (Loew) 29. VI. 74, Stenoscini.s longipes

(Loew) 25.VL73; Dolichopodidae, unidentified 3(2). 10.V11.72. 26. VI. 75.

Chrysotus sp. 3(2).10.VII.72, 14. 15. 20. VI. 73. Condylostyliis sp. 13. VI. 73.

Gymnopterniis sp. 15. VI. 73; Drosophilidae. Scaptomyzn pcdlida (Zetter-

stedt) 1. VII. 73, 29(2). VI. 74; Empididae, Euhyhus purpureiis (Walker)

18. VI. 74, Lactistomyia insolita Melander 9. VII. 73. Platypcdpns sp. 14.

VI. 74; Lauxaniidae. Homoneura philadclphica (Macquart) 13. 15. VI. 73.

18.VL74; Milichiidae, Neophyllomyza sp. 17. VI. 74. unidentified 26. VI. 74;

Phoridae, Megaselia sp. 3. VII. 74; Platystomatidae, Rivellia pcdlida Loew

23. VI. 73; Platypezidae, Platypez.a sp. 3. VII. 72. 20. VI. 73; Rhagionidae,

Rhagio mystaceus (Macquart) 18. VI. 74; Sciaridae. Bradysia sp. 13. VI. 72,

22(2). 24. 26(2). 29. 30(2). VI. 73, 1. VII. 73; Sphaeroceridae. Leptocera sp.

10. VII. 72. 20. VI. 73; Stratiomydae. Oxyceni sp. 20. VI. 73; Syrphidae. un-

identified 5. VII. 75; Tephritidae, unidentified 3. VII. 72; Tipulidae. unidenti-

fied 10. VII. 72, 29. VI. 73, Atarha putkornis Osten Sacken 24. 25. VI. 73. /)/-

cranoptxcha sp. 20. VI. 73. Chcilotric/iici slignialica (Osten Sacken)

26. VI. 73. Limnoplula sp. 22. VI. 73. Molophilns sp. 29. VI. 73. LEPIDOP-

TERA: Unidentified 19. VI. 74. HYMENOPTERA: Unidentified

13(2). 2 1(2). VI. 73. 27(3). VI. 76; Aphidiidae. Aphidius sp. 19(2). VI. 73. Ly-
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siplilehus sp. 2. VII. 74, Ttioxys sp. 22. VI. 73; Braconidae, unidentified 28

VI. 76, ApanteU's sp. 27. VI. 73, Opiiis spp. 20(2). 22. VI. 73, Meteorus sp

29.VI.73; Ceraphronidae, Ceraphron sp. 22. VI. 73, 18. VI. 74; Megaspilidae

Megaspilus sp. 24. VI. 73; Chalcidoidea, unidentified 30. VI. 73; Cynipidae

unidentified 24. VI. 73; Diapriidae, Belyta sp. 25(2). VI. 73, Pantoclis sp

20(2). VI. 73, Psihis sp. 28(4). VI. 73; Dryinidae, Anteonini 14. VI. 73; Eupel-

midae 17. VI. 74; Eurytomidae, Harmolita sp. 15. VI. 73; Formicidae, Ponera

sp. 27. 28(2). VII. 76; Hybrizontidae, Hyhrizon rileyi (Ashmead) 25. VI. 73;

Ichneumonidae, Endasys sp. 15. VI. 73, Polyaiilon sp. 13.20(3).23.26(3).VI.73,

Theroscopus sp. 20. VI. 73; Pteromalidae, Lamprotatini 20. VI. 73, 11. VI. 74,

Pteromalini 29. VI. 74; Scelionidae, Calotelea sp. 14. VI. 73, Trisacantha sp.

17(2). VI. 74; Tenthredinidae, Ametastegia recens (Say) 20. VI. 73.

Predators of Eudioctria tibialis

Predaceous arthropods, especially other insects, have been recorded as

enemies of asilid flies (Hull, 1962; Lavigne et al., 1978). Some common
predators of adult asilids are spiders (Bromley, 1914; Scarbrough, 1978b,

1979), other asilids and conspecifics, e.g. cannibalism, and Hymenoptera
(Hull, 1962; Lavigne et al., 1978; Scarbrough, 1978b, 1979). Eudioctria ti-

bialis has similar enemies but differs in that cannibalism was absent and a

new predator, Vespida itiaculata (L.) (Hymenoptera: Vespidae), was iden-

tified. At least 46 attempts at predation and 23 instances of predation were

observed: Araneida (7), Laphria sicula McAtee (I) (Diptera: Asilidae), and

V. macidata (15). In addition, eleven carcasses of E. tibialis were found,

each with a crushed thorax and missing body parts. Vespula maculata was

probably the predator since it typically mutilates the prey's body as the prey

is being immobilized. The wasp crushed the prey's body and removed the

wings with its mandibles bofore flying away with the remainder. Similar

immobilization techniques have been reported for the wasp with other prey

(Howell, 1973). Sometimes the prey was dropped as the wasp flew away.

Three ants {Formica suhsericea Say) were observed carrying carcasses of

E. tibialis. The ants may have found the adults emerging from pupal cases

(personal communication, D. S. Dennis, June 1980). Because of the simi-

larity of the crushed bodies with those taken from feeding V. maculata and

the absence of pupal cases in the study area, it is doubtful that the ants

were the predators, but probably found them after they were dead.
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